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IntrodutionThe main goal is to introdue an internet radio player apable of seleting the mosttting station to be played from a set of stations available to the player. Theseletion itself will happen with only as little user's ooperation as possible. Thereason here is to avoid repetitive interruptions to what the user is doing at thegiven time. The only phase in whih an extensive user's ativity is needed, andthis need an be tolerated, is the initialization phase of the player in whih alist of stations is reated. Setting up preferenes in the beginning may also re-quest a onsiderable eort, but that is only temporary. Basially the appliationwill reieve a feedbak from user when it enounters new songs and other typesof ontent. This feedbak an be provided at any time and it is not obliga-tory to provide it for all the ontent. The meaning of this is to allow listenerto express his preferenes for individual songs, artists, stations or genres. Basedon these hints the player an distinguish the favourability of the ontent availablefrom every single station at any given time. In ase that the identied best hoieis not the urrently playing station a notiation may be displayed to make thelistener aware of it or the station may be tuned automatially if the user wishes so.One of the most ommon use ases for internet radio player is providing a musibakground for other user's ativities. Hene it is not desired to fore the listenerto interrupt what he is doing to ontrol the player. On the other hand it isnot desired to fore him to ontinue listening to ontent that is no longer of hisinterest either.When the player annot rely on user's intervention in ase of ontent hangewhih is not in favor of the user, the player has to introdue some kind of au-tonomous system for piking up the orret soure of the audio ontent. Suh asystem has to reet the user's needs and requirements.The solution introdued in this projet is based on reording the ations (mir-roring the preferenes of a listener) that lead to hanging internet radio stations.1
It is important to not only possess the statistis, but to be able to apply seletionon the available soures as well. That requires onstant sanning of the sourespae keeping the most favorable andidate playing.One of the key elements of this approah inorporates means of aquisitionof the soures. It is possible to extend the set of internet radio stations knownto the player at very low ost without relying on user's interferene. Whileworking in today's desktop environment one often omes aross several soureshe might be interested in, it is possible to ollet those referenes to new souresof media. As an example a lipboard monitoring may be used.One the olletion is large enough to satisfy needs of the user another issuearises. It is the question how to determine the best math to the user's pref-erenes. This projet's onept employs an overall monitoring of the whole setof soures.Chapter 1 justies the seletion of libraries used as a base of the projet. Italso gives reasons why ertain approahes were applied. A user and programmerdoumentations follow in this order. Chapter 2 overs mainly the graphial userinterfae (GUI), notiation system. Chapter 3 then fouses on the implementa-tion of the projet with respet to points raised in hapter Analysis, it serves asa software doumentation.The author of this thesis was not aware of any similar attempts already imple-mented in an existing player.
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1. Analysis1.1 TehnologiesThe most fundamental part of the projet is undoubtedly the playbak. TheGstreamer library was seleted to provide this funtionality. The deision is jus-tied by the fat that it is apable of fething metadata from multimedia streamsand that Gstreamer and GTK are both based on Glib and share a similar ap-proah in handling events. Thus their integration and ommuniation is easierand does not need another adaptation layer. Beause Gstreamer and GTK's fun-tionality is handled in a ommon main loop there is also no need to worry aboutsynhronization between these two.As mentioned above the GTK library was hosen for the GUI. Some of thereasons have partly been explained earlier. The ollaboration with libnotifyalso benets from use of GTK as it is possible to assoiate individual notiationswith one soure and user than an supress, lter or handle in any other waynotiations in groups.The use of libnotify is fored by absene of a better utility that wouldprovide similar funtionality. Its virtue omes from the support for responsesand its low annoyane of the user.1.2 Monitoring, playbak, reordingThe hosen playbak library provides elements that form a so alled pipelinethat an feth, proess (enode, deode, trim, multiplex . . . ) and present data(through audio output). If any element of the pipeline fails to proess its portionof data the whole pipeline is rendered inative. To make the appliation robusteah station needs to be provided with a separate pipeline so that no deodingfailure an threaten the rest of the pipelines. An advantage of being able to op-erate eah stream separately is gained through this onept as well.3
The knowledge of what eah soure ontains is essential and is obtained from soalled metadata.1.2.1 MetadataOne of the orner stones of the whole onept are metadata, data provided by thesoure along with the media stream that give additional information about theontent suh as name of the author or title of the song.Metadata may or may not be provided, therefore, a xed data struturefor operating these data does not seem to serve the purpose. This is why NetRa-dio uses assoiative data strutures of varying lenght whih might not promisethe highest speed performane, but with future extensions in mind it is the farmost exible solution.When a stream of data is being read the meta information is put aside to aspeial olletion where it is assosiated with its soure. Every time there is ahange in the ontent of that olletion the hange is propagated to listenerthrough main window, notiations and statistis window. This is how the userlearns the names of songs and authors. User then an provide his feedbak andstore his preferene for the ontent.From that point on, the player an tell what soure is most likely to be whatthe user wants to listen to. A reommendetion or immediate hange of stationthen may follow.1.2.2 Metadata fethingMetadata (also referred to as tags) may be dened in various ontainers, as apart of the audio stream or ompletely separately and therefore the most generalmean of tag olletion is to let the appropriate plugin deode the stream andfeth the data. Any assumptions about the tags may result in ompliations withvarious formats. 4
A dierent strategy than to rely on isolated metadata aessability has to beused to ounter the rise of tra whih is inevitable when all the stations arebeing proessed on bakground even if they are no being played.1.2.3 Metadata formattingThe problem here is that metadata do not omply to any standard or ommonsense. One suh deviation from what one would expet, that ould serve as anexample, is that piee of metadata alled title often holds both the name of theauthor and the name of the song. This projet applies heuristis to solve thisinonveniene.The title tag an be split into piees based on ommon patterns suh asartist - song, song by artist and so on. These an be mathed by regularexpressions for example. Another approah would be to identify substrings asnames using a ditionary of all known names. This method would rely on timewhih it has been applied for and would be very ostly. That is why the projetuses only the rst method.1.2.4 Continuity of reordingA ontinuous reording to one le with no regards to beginnings and ends of dif-ferent shows or songs is very easy to implement, but it is not terribly beneial.On the other hand the beginnings and ends are not marked preisely, at least notby tags. That is a troubling fat and the solution to overome it is not feasiblefor this thesis as it would require deep data stream analysis whih would in oneway or another lak its reliability, it would take a lot of resoures and wouldbe virtually impossible to implement with the rest of the projet with respetto apability of performing it for multiple streams at a time. It would sound rea-sonable if the stations employed tags as markers, however, the tag title hangesasynhronously with the stream, often too early.
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1.3 Features that proved to be unrealizableAt the beginning there was an intention to spare the listener any unneessaryations to present his opinion and hoies. To ahieve this a onept of globalaelerators (hotkeys) would be a must have. It turned out that most of the desk-top environments and most signiantly GNOME do not provide this funtionbeause of one simple reason. It would mean that any appliation ould registerations to happen on a spei keystroke event without the fous on its window.That would lead to one of two things:1. There would be no guarrantee that a keystroke would have one exlusivemeaning and would not aet multiple appliations.2. The appliations would rae to register keystrokes for their own use. Thusbreaking their funtion in other appliations.Stealing fous for one appliation would solve both of these problems as the spanof the aelerator's validity would restrain to a single appliation at a time. Butit is an example of violation of the priniples of NetRadio as it would interruptuser's ativities and fore him to respond in one or another way.1.4 Design patterns and ontrol owBeause of the foreseen presene of sets, lists and other olletions of value holdersfor various types the design patterns of iterators, builders and fatories have beentaken aount for. In ase of onstrution of the main window layout there an beone fatory used to reate dierent layouts and swith between them on demand.It is then possible to register a new layout with the fatory and without anextensive ode rewrite it an be used in the appliation.The majority of the projet falls into an event-driven ode ategory handledin one main thread. Apart from that there are multiple threads being alloated.These threads are not exposed to the programmer as they are handled in the6
gstreamer library. Nevertheless it is important to notie their presene as theyhave impat on the issues desribed in the hapter 4 (Known issues).1.5 Comparison with other projetsThe following projets were seleted to ompare with NetRadio's preferenesystem, user friendliness and reording apabilities.RarmaRadio (http://www.raimersoft.om/rarmaradio.aspx)RarmaRadio and QuikRadioPlayer are both developed by the same ompanyand share most of the funtionality important for this thesis. They dier mostlyjust in their graphial appearane.At rst sight RarmaRadio resembled a ompetitor to NetRadio, it pro-laimed a apability to favour soures. It looked like it had very deent metadatadisplay system. However the system of favourite soures proved to distinguishonly two levels: the user an favour the station or not. This alone would pose adisadvantage ompared to NetRadio. The metadata were fethed by RarmaRadioonly for the playing station. Thus no suggestions about a better ontent ouldbe made.The reording on the other hand allowed for manual speiation of the des-tination to reord to as well as it was possible to reord a ontinuous stream orseparate songs based on the users liking.The simpliity of GUI, another quality of NetRadio, was not met by Rar-maRadio. Adding a new station takes a onsiderable amount of time espeiallyat the very beginning of the appliation usage.The system how the streams are stopped and played in RarmaRadio enablesto add a smooth transition, whih is not implemented in NetRadio. But it isalso onfusing as there are two or more stations pitured as playing.
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Crawler Radio & MP3 Player (http://www.mp3radio.om/)The Crawler Radio & MP3 Player has mature reording apabilities. It supportssheduling of reording and onseutive integrated playbak of the reordings.Espeially the sheduling might have been integrated in NetRadio with thepossibility of dening song name patterns rather than preise time and station toreord from. The appliation would then be apable of olleting ontent favouredby the listener. This improvement has been disovered too late to integrate it inNetRadio.To add to the ease of operability the Crawler Player inludes an interfae forseleting stations from a list of predened ones. The lesson learned by NetRadiois that a parser of a ommon radio list suh as www.shoutast.om ould beintegrated in the player.Rhythmbox (http://www.rhythmbox.org)The Rhythmbox is a very impressive player with nie and lean interfae. It has asupport for playlists, podasts, reording and it even has a rating system. Unfor-tunatelly rating works on the level of soures not the ontent and no autotuningnor reommendation features were deteted either. The reording apability doesseem to aet only oine soures, and thus it ould be lassied more as grab-bing. Although it supports playbak of internet radios it is apparent that it isnot its primary purpose, it ertainly is not onvenient during a hange of playingstations. The delay between order to play and atual ommenement of playbakis suprisingly long.All of the players mentioned ome with a visualisation element in their interfae,NetRadio will not implement this funtionality. It is supported by gstreamerand an be easily integrated in a GTK widget, it but is not neessary as it is aneye andy and a typial NetRadio user is not expeted to wath the GUI for along ontinuous period of time. 8
2. User interfae2.1 Controlling the appliationAfter the rst start of NetRadio the user is presented with a player with nostations speied. To fully exploit the benets of all the features implementedin the program it is reommended to add multiple soures at this point. Thisan be done by typing uniform resoure identiers (URI's) into the entry eld inthe main window or by simply opying them one by one to the lipboard (forexample by CTRL+C) and waiting while the program veries that the ontentgiven by the address is playable. The notiation about an available soure oersto add the soure into the list of monitored stations.One there are enough stations to satisfy user's needs any of them an beseleted from the list and it an be played or reorded. There are dierent waysto do so: by using the buttons or by right-liking on the soure and seletingthe desired hoie.The next step would be to dene some preferenes for the playing ontent orfor manually added entities. The listener is given the possibility to pre-dene hisfavourite genres and artists or even onrete titles and assign preferenes to themin the statistis window.In ase that the user speied automati tuning in the preferenes window theappliation may no work independently. After some time of using the appliationa need to adjust the list of stations and/or preferenes will be needed and morethan just this basi ontrol will be neessary. Therefore a thorough GUI desrip-tion follows.
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2.2 Main windowThe main window is responsible for telling the user all neessary informationabout what is urrently playing and for letting the user ontrol the player. Thereare two looks of the main window one of whih provides only a minimal ontroland information about the state of the player and stations. The seond oneon the other hand displays a omplete list of all stations with their speiationof their ontent if the information is available (see Refereneshap:dependenies)and provides an interfae to ontrol all the funtions of the player. The use ofthe minimal look is straightforward and thus the overall look will be given theattention.
Figure 2.1: The partitioning of the overall lookThe overall view is divided into four areas. The menu bar on top, the infor-mative olumn on left, the seletion list with a seletion entry eld on the rightand the status bar on the bottom. To bring up other windows the menu bar anbe used.To start monitoring and playing a soure an address has to be provided. Thatan happen semi-automatially after opying the address into the lipboard orby typing the address into the entry eld.
10
2.3 Preferenes and optionsHere the user may speify the appliation's behaviour. Any hoie he does takeseet after the appliation queries the inriminated value. That means that ifthere is a notiation displayed and the listener hanges the length of the perioda notiation is displayed for the present notiation is not aeted.
Figure 2.2: Settings
2.4 Statistis and ontent preferenesThis window visualizes the information olleted from played ontent. It dis-plays songs, artists, genres, relations between all of these, amount of time spentby listening to ontent desribed by the given information. Lastly but mostimportantly the user's preferene is displayed in this window too.
Figure 2.3: Preferenes of stationsIn the piture above there is a distinguishable dierene between preferenesof the genres. The more stars there are displayed on a row the higher the favoura-11
bility is. To hange the preferene user may double-lik on the desired row in thepreferene olumn in whih ase the preferene inreases up to ve stars and thenresets to zero and maybe inreased again. Or the user may simply selet the rowand then use CTRL+Y and CTRL+N to inrease and derease the preferenerespetively. The preferene of a urrently playing ontent an be hanged fromthe main window itself with the same aelerators.Over time the statistis may grow into a size that does not allow for an easyorientation and most of the reords do not have any signiane for the user. Apossibility to erase suh reords is provided in form of simple erase button thatremoves them all at a time.2.5 NotiationsThe last interfae between the appliation and the user are the notiations.They are displayed regardless the state and position of the windows.
Figure 2.4: NotiationTo better integrate with new desktop environments (GNOME 3) the noti-ations get attahed to a status ion (Status ion). The ion then an be used tohide and show the main window.
Figure 2.5: Status ion
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3. Implementation3.1 Rough partitioning of the projetDue to the sale of the projet it has to be divided into logial layers. Oneof whih is the low level player layer. The rest of the projet resides in the GUIlayer.
NetRadio
PLAYER LAYER GUI LAYER
Player
Main Window










Metadata StatisticsFigure 3.2: The player arhiteture3.2 Detailed view of the player layerIn the piture above the terms Pipeline, Probe, Reader denote an objet asso-iated with one URI whih aquires and further proesses data, an objet aimedat metadata fething, an objet aimed at media stream handling and playing,respetively.The reason why only one of the pipelines in the piture has the reader objetin it is to emphasize the fat that only one pipeline is playing at any given time. Itould as well display a Reorder objet. These two proessing units are alwayspart of the Pipeline, but they are not always ativated. Unlike the Readerunits the Reorder units may be ative simultaneously in a higher number.To avoid large and repetitive dealloations and realloations of resoures andstrutures one pipeline is reated for a soure at its addition to the system and itis destroyed one the soure is dropped. The playbak, reording and monitoringapabilities are thus united under one objet.3.3 Statistis and its roleThroughout the run time of the appliation all sort if illustrative informationis available to the player. Those that are human readable and might meet theusers interests are reorded and displayed in a standalone window. To give a14
user better idea about what he might inline to, an amount of time spent onlistening to a spei ontent is added to the reords. The most signiant partof the statistis held by the appliation, however, are undoubtedly the preferenes,whih are speied by user.The preferene of any entity in statistis an have values between zero andve stars. Eah time a hange of ontent ours, the station that the hangehappened at is given a preferene number. The station with the highest numberis onsidered the best hoie for the user and is reommended to be tuned if notplaying.The ontent is identied in any point in time by a set of metadata. To deter-mine what value of preferene applies to the ontent it is neessary to omparethe set with all reords in statistis with preferene speied. In ase that thereord is a generalization of the metadata set then its value of preferene is takeninto aount for the assoiated station, the highest of all the values is then thenal preferene of the station.3.4 Holding informationThe statistis, preferenes and the station list are desirable to last between twoindependent runs of the appliation. This is ahieved with a onguration le setin XML formated le CONFIG/netradio/profile.(CONFIG symbolizes the default user's onguration diretory)When the appliation starts it parses the prole le and stores the preferenes,soures and statistis in its inner data strutures. Any hanges to the le beyondthe startup phase of the appliation are not reeted in the appliation and theyare not taken aount for. In ase there is no onguration le present it isreated. The prole is updated only one per run, after the appliation is exited.The preferenes are stored in Preferene lass in atual GTK objets as there isno reason to dupliate the values. On the other hand the statistis are stored pri-15
marily in Player in their raw form, but they are also opied into the Statistislass where they are split, grouped or transformed into human readable and learformat. This minimizes the sale of one update of lists of artists, songs, stationsand genres displayed to the user. The transformed information annot be up-dated easily and it is required to remove it and replae it by a newly transformedinformation.The shortlasting metadata are stored in property sets without a xed size. Itis an alternative to the approah known from SQL tables where undened valuesare also needed. Although this partiular implementation enables extensions.3.5 ReordingReording an be triggered or eased by a user, but the rest of the proess ishandled automatially. The appliation itself deides on the destination whereto reord to aording to what is known about the soure at the time of theommene of reording. A diretory system is reated to represent a simplemusi library. Two patterns are used to provide user with the best experiene:
• MUSIC/byauthor/AUTHORNAME/ALBUMNAME/SONGNAME
• MUSIC/bystation/STATIONNAME/SONGNAME(MUSIC symbolizes the default user's multimedia diretory for musi)The reording proess is reinitialized everytime there is a metadata ativitysignifying a hange of ontent. Thus eah logial part of the ontent gets reordedinto its proper destination.All les are enoded as ogg vorbis les.3.6 ShedulerIn a not so rare ase of multiple stations it is likely that the program will haveto download and proess great amount of data. It is reasonable that the pipelines16
that are atively playing or reording the ontent onsume as many resoures asthey need. The expense of pipelines in monitoring state on the other hand isquestionable. There is no prinipial exuse to download the whole stream all thetime when the player is interested only in the metadata.A problem arises from the fat that there is no generally appliable approahto fething metadata from the stream. Not all audio ontainers allow for separatemetadata storage whih would lead to a simple way of retrieving the metadata ondemand. Based on the lak of ontrats ensuring this apability a need of a betterontrol over the pipelines emerges. The goal divides into two atually. The rstof them being the low tra and the seond being the orretness of metadataretrieval with a delay between two hanges as little as possible. Eah of thesetwo aims tend to anel out the other, however.The solution implemented into this projet makes use of a sheduler whihensures that every monitoring pipeline does get to download the stream ever sooften so that the olleted metadata are not outdated. The pipelines then haveto stop monitoring right after they have ompleted their olletion of importanttags and wait for the sheduler to revive them again.The very implementation of the sheduler is then straightforward using a syn-hronized queue overseen by a separate thread whih operates on suh frequenyso that the user annot tell the dierene from having the pipelines ative all thetime other way than by notiing a drop in the network tra.
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Figure 3.3: Partitioning extended with sheduler17




• libgstreamermm 0.10.The base and good plugins for gstreamer are also neessary. To be ableto deode various ommon but possibly nonfree formats of streams the bad andugly plugins would be needed as well. The ode is written in C++0x whih impliesa need for a ompiler that supports it. At the time of the projet developementthe C++0x features were not yet fully implemented in ompilers. Thus not all ofthem were at my disposal (namely range-based for).The projet is aompanied with a Makefile and an be easily ompiled withmake without any additional arguments after all the dependenies are met.
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4. Known issuesUnfortunatelly it proved to be impossible to avoid ompliations throughout thewhole developement. After the introdution of the sheduler a thread leak ap-peared in the appliation ausing it to fail playing, freeze gui or even fail. Aftera thorough investigation with use of gdb, valgrind and other means of debug-ging it an be stated with ondene that this issue originates in the library usedfor audio playbak or in its poor doumentation that does not speify onretehandling of elements when it is not intuitive.The reason why the appliation runs out of threads is that the playbak library(gstreamer) or its C++ wrapper does not free alloated resoures one done usingthem as it is stated in the doumentation.After a pipeline is brought to STATE_NULL, though it's expeted to free all itsresoures, it still has threads handling the Gst::Pad elements around. The num-ber of these threads inreases with the number of transitions from STATE_PLAYINGto STATE_NULL and bak.These transitions are neessary to lower the tra that might bother the userif a great number of stations is monitored. To disable the downloading proessthe element has to be stopped and this is the only way to do so.It is possible to disable the sheduler at ompile time, however, by dening aNETRADIO_DISABLE_SCHEDULER maro.There seems to be a dierene in behaviour on dierent platforms when it omesto notiations. The sole deviation in this funtionality has been enounteredonly on Ubuntu. Its libnotify pakage handles respondable notiations as di-alog windows whih do not add to the user's omfort as they pop up over otherwindows and steal the fous. These dialogs also do not disappear after time andneed to be manually losed.The appliation has been tested on Debian, Ubuntu, Fedora and Arh linux distri-19
butions. Always the most reent release available at the time of the developmentwas used.4.1 TroubleshootingIf the program fails to play ontent from stations, displays error messages in sta-tus bar or fails on a library rash gst-inspet may display valuable informa-tion. It is then neessary to verify that no reasonable pakage is blaklisted(gst-inspet -b). Further more GST_DEBUG=1...5 environment variable anbe used to fore informative messages to be printed by gstreamer.
20
ConlusionAlthough all of the goals delimited in the thesis assignment and desribed inthe introdution have been ahieved, there is still spae for improvements thatwere of a greater sale than what the projet ould possibly handle. NetRadiois a proof of a onept that is not very ommon in players and is basially welldeployable as a nal produt for every day use. In its urrent state it is limited bythe sheduling inonveniene, rendering the sheduling inappliable, to a numberof stations that does not pose a threat to network throughput. This ompliationwould need to be resolved in a hypothetial expansion. More advaned shedulingtehniques would ertainly improve the resoure alloation and onsumption.The dierenes between audio ontainers, their enodings, ommon sense andreal tag usage have demonstrated how hard it is to nd a orret general solutionto a radio ontent identiation using metadata. A simple heuristial solutionwas provided to deal with non standard situations in tagging onventions. Com-pliations stemming from asynhronous nature of metadata retrieval in respetto the playbak itself, as for example the automati station tuning or reordingrediretion to a new le, are not resolved in this thesis.The C++ language was hosen for the projet beause it promised high-levelabstration insight into the problematis, espeially with the upoming standard.The diret resoure alloation and dealloation seemed to be more appropriatethan garbage olletion in Java. At the late stages of the development it turnedout, however, that the C++ wrappers were poorly maintained and doumented.It would be possible to overome some problems with the appliation by usingdiretly the underlying C library as it is feasible to write plugins to gstreamerin plain C, C++ is less supported when it is desirable to preserve the ompatinterfae. Suh plugins would signiantly simplify some tasks and would putmore ontrol into the programmer's hands.To further enhane the listener's experiene a support for playlists and pod-asts as well as a station list, parsed from a dynami online soure suh as21
www.shoutast.om, ould be implemented.After a longer period of usage of the appliation it is apparent that a plugininterfae ould enable various proles to be reated to apply dierent politis fordierent oasions. While working the listener needs to be distrated as little aspossible, but while relaxing he might nd it appropriate to express his prefereneever so often to improve the experiene in the rst senario. Even dierent genresmay relate to dierent states of mind and may t dierent situations.Regardless future extensions the appliation with its unique aims developedinto a solid player that serves its purpose. It an full listener's needs and sparehim time that he would otherwise spend by searhing for a pleasing ontent amongnumerous possibilities.
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